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"AN/URC- 78(XE-I )/V RE LABILIT Y PREDICTION

1.0 INTRODUCTION

This report presents the method, bases and results of the fEnal reliability

prediction performed on Cincinnati Electmrmnics' URC-78 equipment design.

The predicted TITBF for the three system cotifigurations is 9, 515 hours for

the Manpack, 1, 925 hours for the Vehicular and 1, 925 hours for the

Airborne.

This report updates the 17 July 1973 submittal. It reflects thu anticipated

design changes needed for the production model,

The description of equipment and operating conditions used are preseraed

in paragraph 2.0, sources of failure rate data in paragraph 3.0, and the

reliability model in paragraph 4.0.

K, 0 EQUIPMENT AND OPERATING CONDITIONS 4

The reliability prediction was performed on throe system configurations

of the Ult ra-Reliable VttF-FMv eq'4ipment. Common to all three systems

is the receiver-transmitter. The airborne system contains an additional

applique unit and the vehicular system contains a 40 Watt power amplifier,

a vehicular antenna, a vehicular applique and the receiver-transmitter. The

prediction for the TJRC-78 system is based on the anticipated production .

"model design.
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Operating conditions used for the equipments for prediction purposes were

as follows.

(a) Equipment ambient Temperature:

Manpack - 500C

Vehicular 500C

Airborne - 500C

(b) Resulting part ambient temperature as determined by thermal analysis:

Manpack - 659C

Vehicular - 650C

Airborne - 70 0C

(c) Equipment operation-continuous with following functional duty cycles:

M.nack Vehicular Airborne

Receive 90% 90%,lu 90,o

'rransmit 10% 10% 10",/

Tune Cycle 0.5% N/A N/A

Receive Band Operation each 30%"C' each 30% each 30%,!

Xrnit Band Operation each 5%. each 5'/c each 57c

40 Watt Power Amplifier N/A 9% N/A

5 Watt Power Amplifier N/A 11% N/A

Guard Receiver N/A N/A 80.

-loring Receiver N/A N/A 10,.

-2-
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SMapack Vehicular Airborne

Self Test N/A N/A 1%

Preset Switch .5% .5% . 5%

Secure Transmission 5% 5% 5%

Secure Retransmit 2" 27- 2%

Preset/M-anaal 75%/25% 75%/25% 75%/25%

The duty cycles shown in the stress analysis sheets were obtained from the

above duty cycles. In some cases, duty cycles were combined when the

same circuitry was used for two different functions, such as the secure

functions operational modes. In these modes the IF crystal filter operational

duty cycle is added to the normal operational duty cycle. Many parts have

a 100'% duty cycle. These are parts to which power is supplied continuously

and, therefore, are continuously stressed regardless of the mode of operation.

Therefore, the operational duty cycles are masked by the continuous power

operation.

3.0 FAILURE RATE SOURCES

The following sources were used for the part failure rates shown on the

detailed stress analysis forms in the appendices.

1. All discrete type parts except Establishlid Reliability resistors and

capacitors - MIL--DBK-217A.

2. Varactor Diodes - Cincinnati Electronics Reliability Test Data



3. Hybrid Microcircuits Proposed MIL-HDBK-217B Hybrid Failure

Rate Model as Suprlied by USAECOM.

4. Monolithic lItegrated Bipolar Microcircuits - RADC-TR-67-108,

Volume U1 and RADC-TR-69-350 (Appendix V).

5. Established Reliability Resistors and Capacitors - MIL-STD-199

and MIL-STD-198, respectively.

6. MOB LSI, MSI and CMOS - USAECOM.

4.0 RELIABILITY MODELS

The reliability models for the three system configurations are shown

in Figures II through IV. These models show the equipments as straight

series models and assume any one part failure will cause a failure of the

equipment to perform its intended function(s). Therefore, the individual

functional usage is included in each block failure rate by the duty cycle which

the parts associated with the function are stressed. These block failure

rates are for the operational duty cycles given in paragraph 2.0. The auty

cycle of each part in each block is shown in Appendix I through In to this

report which contains the detailed back-up for failure rate determination

of each part in the equipments. The blocks in the diagrams are directly

related to this detailed back-up by block title.
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5.0 COMMENIS ON RELIABILITY PREICTION

A comparison of this prediction as calculated in this report with that

presented in the "Interim Reliability Prediction and Math Mode" -. Report",

dated 3 August 1972, is tabulated below for each of Lhe system configurations:

MTBF COMPARISON

3 August 1972 20 March 1974

Manpack System 9,452 hrs 9, 515 hrs

Vehicular System 1,233 hrs 1, 925 hrs

Airborne System 1,433 hrs 1,925 hrs

As shown by this comparison, the present predicted reliability for all three

of the system configurations exceeds the original predicted reliability

which was based on an optimistic conceptual paper design. This is believed

to be a noteworthy accomplishment since Cincinnati Electronicst experience

in past radio developmentL has shown that the design concepts usually

envisioned for an equipment at the start of a developmcnt program have a

nasty habit of growing in complexity during development resulting in a

lower MTBF than initially predicted. It is recognized that this predicted

MTBF is not necessarily the "proof of the pudding"; however, the unique

reliability program followed for this development, which maintained a

constant awareness on the need for a highly reliable, low life cycle cost

-8-



equipment on all cognizant design and management personnel, has

re.sulted in an equipment which exceeds its original design expectations.

Table I is a list of the major part types contained in the equipmnnt versus

the total failure rate per part type and the percentage of the total failure

rate rc-presented by that particular part type for each of the equipment

configurations. For the manpack configuration of the equipn-ernt, the

highest failure rate components are the hybrid circuits, which make. up

approximately 43%( of the total failure rate. However, in the other two

configurations of the equipment, this percentage is reduced to approxinmately

1611 to 177o. As shown in the appendices to the report, hybrids and many

other part failure rates are based on the use of screened cr established

reliability parts. However, for the vehicular and airborne configurations

of the equipment examination of Table I shows other part categories,

with failure rates that are not based on screened or established reliability

type parts, are equal to or exceed the hybrid circuit failure rate. For example,

the percentage of total failure rate in the vehicular and airborne configuration

for inductors is 16. 6% and 18. 75% respectively. Both exceed the hybrid circuit

failure rate percentage of 16. 35% and 17. 76 r This strongly suggests that

selective screening of certain paart types would be a valid method for

reliability improvement. However, implementing this

I,-9-1



TABLE I - PART TYPE FAILURE RATE PEPCENTAGE OF TOTAL

__Z........°L____ aack Vehicular Airborne _______
Part Type FR x 10- % Total FR x 10-6 % Total FR x .0- 6 % Total

Diodes 7.796800 7.42 46.547250 8.96 65.152650 12.54

Varactors 5.880000 6.60 42.000000 8.09 30.240000 5.82

Hybrids 45.727150 43.51 89.934710 16.35 92.242820 17.76

Filters 1.224000 1.17 7.344000 1.41 15.504000 2.98

Resistors Car. 0.095460 0.09 0.3107301 0.06 0.340832 0.07

Resistors W.W. 0.274005 0.26 2.180700 0.42 1.813800 0.35

Re-istors Film 0.024840 0.02 0.240000 0.05 0.252000 0.05

Resistors Var. 1.169600 1.11 5.000000 0.96 15.000000 2.89

Capacitor- Tant. 0.689895 0.66 0.881480 0.17 0.966120 0.19

Var. t.aps. Cer. 0.0321400 0.03 0.043110 0.01 0.067000 0.01

Mica Capacitors 0.000561 .01 0.009975 .01 0.005940 .01

. NPO Caps. 0.020403 0.02 0.i23200 0.02 0.140000 0.03

Var. Glass Caps. 0.00 0.00 0.930000 0.18 0.00 0.00

Capacitors Glass 0.00 0.00 0.000394 .01 0.00 0.00

Capacitors Cer. 0.05565; 0.05 0.378415 0.07 0.453295 0.09

Inductors 9.299999 9.45 86.193199 16.60 97.4-41999 18.75

Transformers 4.200000 4.00 33.560000 6.48 37.020000 7.13

Transistors 1.672050 1.59 53.989120 10.39 37.010640 7.12

Relays 1.704920 1.62 64.850500 12.49 35.471500 6.33

Connectors 0.222582 0.21 0.672182 0.13 0.512910 0.10

Pinlites 0.175000 0.17 35.000000 6.74 35.000000 6.§4

Switches 0.188880 0.18 6.866100 1.32 1.244880 0.24

Fuses 0.100000 0.10 0.300000 0.06 0.200000 0.04

Monolithic IC's 19.347664 18.41 33.958800 6.54 39.595080 7.62

Thermistors 0.00 0.00 0.027000 .01 0.300000 0.06

• er 4.554000 4.33 12.948170 2.49 13.545000 2.61
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improvement could adversely impact life. cycle costs. Therefore, a

complete analysis of screening versus life cycle cost is being conducted

and the results of this analysis will be included in the Final Life Cycle

Cost Analysis Report.
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APPENDIX I

STRESS ANALYSIS - MANPACK
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HYBRID MICROCIRCUIT FAILURE RATE MODEL DEFINITIONS

@'SP t-s Failure rate due to s.abstrate and film processing.

4 AS Area of the substrate,

Q NC Numwber of conductor paths.

® NR Number of rcsistors.

® NL Number of flying leads.

® NT Number of lead terminations

S NE Total complexity

• C Complexity Term.

SP Package b.,.:se failure rate.

0 p., Package failure rate adjustment factor.

0 RT Film resistor failure rate.

SNRT Number of film resistors of a given tolerance.

SNZ Numiber of motiolithic integrated circuits of a giveo type,

XZ Monolithic interated circuit failure rate.

(Cý NQ Nmwiber of tranistors of a given type.

ST 'ransistor failure rate.

NCR Number of diodes of a given type.

XC-R Diode failure rate.

NCC Number of chip capacitors.

09 XC .Failure rate for chip capacitors.

2 ZDC NXD Sum of discrete chip device failure rates.

SNpR Number of conventionally packaged res-istors of a given type.

0 )PR Packaged resistor failure rate.

SNPC Number of coils of a given type.

. pC Coil failure rate.

SLXCp NCp Sum of convcntionally packaged device failure rates.

-184-
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20 b Base failure rate.

SXH Hybrid failure rate.

0 rT Temperature factor.

0 •Q Quality factor.

G nE Environmental factor.

0 •s Screening factor.

0 Xb Base failure rate.

"• XH Hybrid failure rate.

i3
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

37b 112

C o0 L DRIV

Y$p ........... . . . . . . . . . . . . _~ 0 .o 0

NE - NR + NC + NL + NT/Z
- , + (oY + .2._- + ,,. -- , I -

XC -

AS a

ASXC = .......... .... ,

:• •,pFI'rPF = A.. . . . . . . . . . . . . . . . 9n3 •

I'NR ZXR Z - ....... * .*.. . .... .. 0

INQXQ - ..............

2ICRXCR 0

EXDCNDC - YNZXZ + . .CRXCR + INCCC.......
ýqPRXPR ................... 0

YNPcPC ...................

IXCPNCp " LPRXpT + NpCkpC ................ 0

lb ISP + ASxC + XPFTTPF + 'RTx XRT + YIXDCNDC + Y)cpNcp." -

XH Xb (T x E Ex PQ) x 10. 6

M, 2  57,7-A.5,f '2:.-,"

d-.I Z1I5 C 1;



HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

"IN

3 7 LIj

NE- NR + NC + NL + NT/Z

AS

'IIN

"Y 7Nr.X ........ ... **._______

I NQXQ 0 . .

YNCRXCR C

EXDCNDC o NX + YNCRXCR + L~CCXcc~i ..... 0 IC

YPR XR ...

~IXCpNCp NRPT+_______

Xb= ~p+ AS)Lc + Ip~rTP +LRTX XRT + L1-CNC +) C N '

-t Xb (r X WIE X TIQ) x 10-6

-v .. , 2.5 V~' -7X. 4 ,

.2.7J -)TA - 51 . z



H"BRID MICROCIRCUIT iAILURE RATE PREDICTION

,•3 76 2 L,

TO A Pvia J jpr o Rt

SL p ....................................... _0 - 09

NE - NR + NC + NL + NT/ZIm .2 1 2 ~7 + + 3 -7 131j

X'C w J•

AS = •

ApFTPF ,. . . .... .......... ..... .. . 15

*qRTXRT . ........................... .. , A

.Z .. . .. .........

~~CIXCR A

CDC • N X2 + SCR,+ LCCXCC'•IN"C)C **C

Y-N cxR .......

SIXCpNCp ` PR PT + NpC.pC......... .......- 2 1 c xp .. .. .. . .. .. . _ _ _

0,A - + ASC + PFPF + RTx T + 'DCNDC + YCNC ,

H(17T X E X "Q) x 10-6

,M- 2.5 - 2,
ýu' 'W i .- - .--H W. 2." 5 . 2"1 .5, "'r' ,° X .

iA - " - 5 / ,
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HVBRID MICROCIRCUIT FAILURE RATE PREDICTION

37• 2b 1

E S P . . . . . . . . . . . . . . . . . . .. . . .. o

NE = NR + NC + NL + NT/Z

. 7 + t. 4- 0..+ _ 7 A 0.

AS
ASý),XC •.

)PFTTPF ..................................
ýIRTXRT = .. . . . . .. ... . . . .,. . .. ."

IVQIQ . ................... C)

•!CR),CR

& C c X c c = . . . . . . . .. .. . " "_ _ "-A_ _

,DCNDC •NZXZ + CRXCR + CCCC....,,*

,--NPRXPR . . ............. *

YNPCXPC ................... )

ýx CPI-4CP - qPRXPT + Npcxpc................. ____

Xb - 16n + ASXC + XPFrPF + RTc XRT + ADcNDc + cpNcp..

&H ' l b •'IT X rE X 1"Q) X 1.0-

•1t=' 0"•, ;._' M -2. : ,• , M -s 2i
W - 2.5 (H - I _. 4
A - 27- ,A,-.,

Ilea



HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

- 3 762 5 9
/21- S'I MI H a F A p

ESP .. . . ..... . 0. , .. 0 .. 0

NE = NR + NC + NL + NTIl
- /1 .t , + 7 +P /,

I. xC -m

AS ft

INRT RT ................................... -

RT "Q .. . . . . . ." ..... '..............• •

IN ** ** * * ** * * . *A . .. * ..6 046

DCRR'CR +

PR pR ....... .............

~NPCxpc * ... *. .. . *. . ....... 9

Ilxc)Ncp . ,NP OF + NpcXpC ........ ...... -/,.a...

Ip+ ASC+ XPF"'PF + )IRTX ART + ~IXDCNDC YC.Np

I1 lb (77T EX X TQ) x I0-6

M- 2.5/ (M. o M -. 2,
''. 5'' - ,. ''V __ _ __ _'~~~~~ A -•. ...

S- ~A 5."190-
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HYBRID MICROC.'3.lUIT FAILURE RATE PREDICTION

377 b5)
,q7 7

'rEC.Q £E0 v* rq rAC.

NE = NR + NC + NL + NT/Z

= .21 + .2' + IL, + . =

XC .

AS = 3fo

A sXc; = . ..... . ...... *..qe* ... 0 J~

A X RTr = . ....... ......................... 0

. NRTIR = *... ....... o ........... .... ....

INQXQ = ...................

INCRXCR = ....... * ...... 0

Y c)c f .•o••O0o 0 1 o c" )

YXDCNDC = IYNZxZ + YNCRXCR + ýyCCXCC P ./0-

Y-NpRXPR ............. 0

INPCXPC 0.. . . . . .

XCpNCp = YNPRXPT + NpCXpc ................ c

Xb = Sp + ASXC + XpFrrpF + NRTx XRT + XDcNDC + YXcpNcp• .- i-•

lH = Xb (nT x WE x TQ) X 10-

fm- 2.5) (3'-o t [Mv i . 2" 1

= ~ ~ :~2~.5 ~ Z. -7 0~ - 2 X.4 4,
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377•52

0 b c: r o F: A F C F

Y *P.. .................. ** .*.** *......... .0 a 0 o

NE =NR + NC + NL + NT/%
__ __+ + +_ _ _ __ __

XC=

AS=

ASXC = *...... ........................ . .040

XPFTI]PF = .................................. .. . . 02CC)

ý4RTXRT . .................... ......... ... ..00

NZRXPZ = ..... **............. 1

7 cQXQ = ................ . .* . .* 0 o
&NCR)ICR = . ................

TXDCND *,= I-NZX + YNCRXC + INCXG .... ,qo
Y-NPR)*PR ....... s e......... .oo

YNpcXPC ................... 0

&iCPNCp = •PRXPT + NpcXpC ................ C)

Xb = ISP + ASXC + XPFrTPF + !NRTx XRT + IXDCNDC + Y)XCpNCp... ,<'1L

XH = Xb (WT X VE X VTQ) X 10- 6

= * i sJ --2 .5 '~S ~ L . _ _ _

- 2.7J Av t j
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

3 77L5 3

C LRRAT r 0 V T A L

YS P .e.*................*~......*...........0

NE = NR + NC + NL + NT/Z
= A +/ + ~2 + .2C+4S

AS- .

ASXC = .......... ......................... o

)LPF •tPF . ................................. 0.1 0 0

INRTXRT -........... .......

INZ),z = .. .................

INQXQ = .............. .... . O -z7 0

_.NCiRXCR= Cl

&__cR), CR ................. 0b

ý4iccxcc .. 00 ....

L-DCND = Y Z + YNCPXCR + INCCXCC---

-NPRXPR ............... /. . '9 /
•.4pcxpc 0 ....... .... ....... 0

IXCPNCp = YNPRXPT 4. NpcXpC ................ ,.•(,O

Xb =ISp + ASXC + XPFTTpF + !NRTX XRT + XXDCNDC + YXcpNcp. --

XH Xb (nT X VE x PQ) x I0-6

fA M 2 .5 T7. ~ ýPIl0'XH 't (,z W 2 "5 7, . .A 4
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HYBRID MICROCIRCUIT FAILURE .ATE PRE.DICTION

1O6~A b rILlE- D~riOR
h.2

NE NR + NC + NL + NT/Z
= I~ +17 +.2 P3

XC - .01,0.

AS -
%t';i), ~ A S XC = . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . . . . .. ° 2 •

)-PF'rPF . .. . . . . . . . . . . . . . . .

I.WRTXRT .

NQXQ .....=.. . . .
•[i(R C ................ .. o . " q

YNiCCXCC
XDCNDC +CRXCR:

ý&NPRXPR .. NX Lf'.

PC),PC .
IpRpNPT +, NpCXpr ..........

= 7 PRXPT+ 
_ _ _ _

Yb -Sp + ASXC + XPF-rPF + XRT + X..DCNDC + ,CpNCp .

XH Xb (nT x rE x PQ) X 10-6

MH -.__ •_._,_oo M -7 2.ooX 1 .2 -

-14
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HYBRID MICROCIRCUIT FAII.URE RATE PREDICTION

S~377662

~C OtM • , • D E r c" cr o iq

L~sp ....... * *...... ..... ...** .... *. n..

NE= NR + NC + NL + NT/Z
- 19+ ?S+ 2 +. =

AS = .a. ..

A, FTPF .. ....... ........................ . o

INRTXRT ......... . ............

ZXZ CCC....... CC* **C

•_NQXQ ...................

ZNCRXCR C.*C*CCC .04i! CCXCC .................. .

TXDCNDC YNZxZ + LCRXCR+ INCCXCC...... 4 -
.NPR)'.!R ................ ... 0

YNPCXP -.................... C)

YXCpNCp = Y.NPRXPT + mpcxpG................. .)

Xb J~ +ASXC + XPFrTpF + YNhRTX XRT + IXDCND XCNp.. 5

XH = Xb (TY, x "hE x TTQ) x 10- 6

'M_- 2.5 .2 rM - 2 9 2 ri• l~~H Il 7,] 9 W - 2.5•,- •,.• -..< < _" ,-. ,, X 4 Z , •

A 2. (A 5j :ICD
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

37 7662
&UARb FM! IFV5E Er T 9-

NE = NR + NC + NL + NT/Z
= ... +/ + j3+

XC- *oo

ASC = 0............. .. .. 00 a

XPFT7PF = .................................

-.XNRTXRT = .. ..

I-Nz)z = .. . D

IN Xc .= ...................
.cRXCR . ................. .: o

T-NCcc~c = ......... •

EDCNDc= •NZXZ + -NCRXCR + CCXCC ......-

-NPRXPR . .............. o)
YNPCxPC ................... C

XCPNCp = YNPRXPT + NpCXPC........o.....

b = XSp + ASxC + XPFTPF + YNRTX XRT + XDcNDC + YXCpNcP __ .. -
XH = Xb (nT X T E X rQ) x 10- 6

XH .s3 2.5 V " . ' . X.4 4
-A 2.7 A 5 7L,
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377 -7b & 3

Is P .. .. ............................ .............~ . ,20

NE = NR + NC + NL + NT/Z

1 h'I + 31 + 1 2. + .2~ .

X'C - .o / ý

A SXC = •...... ... ... ... . ......... . . . .

XPFrfpF = ... ............................... S . 00

ý 4RTXRT ....... *. . * ...................

INzXz = . . . . . . .... .s-6 0

•INQXQ = ...................

INCRXCR = ................. C)

INcCXCC = ..... **........ o -D

xuCNDc = YNZXz + -NCRXCR + NCCXCC* .... Po

'NPRXPR .... ...............

INpCXPC ................... *

1>XCpNCp =INPRXpT + NpcXPC. .............. _____

Xb ISp + ASC + XPF-TPF + INRTX XRT + IXDcNDc + -YCpNCp .

XH = Xb (nT X VE X rTQ) x

"2.5 ) ), ý,- u, JV- I -• X.4 4.

7 P( ) ). -7 -A 5 ______
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!

HYBRID MICROCIRCUIT FAILURE RATE PREDICT.ION .v

i:' ~377, 868

I0 U j -r Am"• I I F I CI

NE =NR + NC + NL + NT/Z
= • + . , ? + 0 .

Xc

AS .

ASXC = ......... .......

X R = ..............................

iINZXZ= ...7 1)

INQXQ o ...................

S&ICCXCC ........... o......

K DOMD = N~ CRXCR + ~CCXCC-Eo-*

PRXPR +.............

,INpCXPC

XCpoCp = LNPR)oPT + NpCXp C................

Xb J= + AcS\C I PFTTPF + YNRTX XRT + 1IXDCNDC +YXCpNCp..

XH =Xb (nT x ITE x rrQ) x io-6

1 •,':•":iq = Z S 5 . 4- ! T 2i .X.4 :W -,- T-

7 'V
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

AlOVuL AT- OAJ AiqM P

YS SP .. . . . . . . . . .. . . . . . . ... oI, __ _!__ _

NE = NR + NC + NL + NT/Z

!=-- u + •q + U + i3 = 74

ASA

A SXC. = . .* . . . . .. . *. S* ** **

XP TP . .. . . . . . ...... . . . . .

t ~ ~~IPF XPF = . ............................. .. o••

! = " '* e ,•o eo 0 o so

~IN zxz = **.** ***t f .7 2 0

-NQXQ M .___.. . .. . . .

&NCR)XCR ..

&cc)XCC =*..t*...... .iO

kDCNDC = ~X CR)CR + ' x.Nc .....

YNP XP ,,.. .. , .. .

Y-4pc),Pc........................ 0

YxCpNCp = YNPXP + NpCxpC ... *..* .........

Xb Lsp + ASXC 4- XPFTTPF + LNRT X XRT + LXDcNDc + ______

XH =Xb (n X iTE X flQ) X 0

'-- I /M2 5

LA 2) 27f ýA 5
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

3776&6

I2.S / 1H zk

YSP °° * " ' * ° * ' ° * *° °J " ° ° ° , . 0 p

NE = NR + NC + NL + NT/Z
= 13 + ~I + 13 +.3S _ _

Xc - .o, o"

AS - .. zo'

XPFvPF = ..................................

RTRT = . . . .. . . .oo

_NZXz . i1 .2 o

INQXQ . .................

= 00iCRXCR = o -7

TXDCNDC =YINZXZ + YCRXCR + YCC ..
Y-NPRXPR ............. ..

"NPCXPC.

)xCpNCp = ý4PRXPT + NpckpC............... .- ,/

X= SP + +XPPF + YNRTX XRT + IXDCNDC + YXCpNCp... -,'2z

XH = Xb (rrT X WE X Q) x 10- 6

'M - ýM 2)J .s9o
XH = 7 2 2.5 f 7.7,9 • "= \ •- X., -4 "__- _____

CA 2.73 ý A 5),.
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377 ,71

Ys P ...................................... 0, ao o • o oo o° . o0

NE = NR + NC + NL + NT/Z
= + 2& + I. +F-."= 4L."

")C - I~ •

AS -

ASIC = .......... ... .......... . -7

X.PFITPF . ............. .. ................. * . . ... *a

INRTXRT .......... .........
= *.

2INQX.Q = ................. ..

YNCRXCR = ..

INCCxCC = .... ..... ... .* 0os

XDCNDC = •NNZZ + -NCRXCR + .NCcxcc .....

-NPCR PC ................. 0**

XCpNCp + .... .+.......... ......

Xb ISP + ASXC + XPFTPF + NRT XRT + DcNDc +

XH= Xb (WT X "E X PQ) x 10- 6

:'llM -H• ,, 2.5 1. .2,4.o M -. 2' 2. S.-.•-

______ 4__-_2__5_o V -7

, •A 2.7ý 7 A 5L ,
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377675-

YS PO ..... 0 ... . . . . .. . .,0 :T 0

NE = NR + NC + NL + NT/Z

= 3] + 14 -7 +7. 2"

XC =

AS =

ASXC = ... ..... . ............... 9

XPFrrPF = ......... .............................. .*

JNRTXRT = .................................

INZXz = . .................. 0

7NQXq = ................... .- q

NqCRXCR = ................. 0

Z_"TCCXCC = .*............... .0 oo

XDCNDC = YNZXZ + YNCRXCR + INCCXCC ..... . ) C)

-NPR XPR ..... ............ . oo3

YNPCXPC ................... .

I X~pN p = INPRXP.T + NpCxFC . . .

Xb Ip+ ASXC +- XPFrrPF + INRT X XRT + I .DNC + YX~pN~p. ..

XH = Xb (T x TE X TTQ) x 10- 6

'T X
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377576

VFCG R F S - ITCH

.S . ° ... .. . ° ..... ° ......... °°.,-o-° .0 O 0

NE N IC+ NL +NT/S

AS =

4SxC = ... 044..... . .........

XpFTpF = ................................ . ... 0

-NRTXRT = . ......................... .... ..... .o •C .,

.NQXQ ... ..... ... .......

LNCRXCR =.......

YNNCCXCC =

LXDCNDC = YNZXZ + YCRXCR + ýNccxcc..... .A ,
YNPR XPR..........

YPCXPC .

IXCPNCp = •pRXPT + NpcXpC ................ _

Xb isp +ASXC + \PFTPF + Rx XRT + XDCNDC YXcpNcp.... G,•

XH = Xb ('IT X ITE X TfQ) x 10-6

XH = o2,, 5 2,4 $ , 0os-X.4 _

2. 5j i~~ t ~C
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377677

V F 0 C ft "rR 0L

ESP .. †.................................... o

NE = NR + NC + NL + NT/%

= /7 + - +2Y_+ S, = + +

Xc = .oIoJ
As = . •-?,

ASXC =• .. . .. . .. . . . .. . . . .. . .C

XPFITPF = . .............................. . ..

INRTXRT .. . . . . . . . . . . . . . . .

•INzXz = .......-.... ..

INQXQ = .................. ,

YCR)CR = ..................... 0 1

NGCCCC =. ............. .... .- E- .

YXC DC =I NZXZ + Y N RX R YC XC -_-

-NPRXPR ................ .... o

YN PCPC ........... . ......

xNp = PRXPT + NpCXpC ................

Xb = SSp + ASXC + XPFrPF + 7NRTX XRT + XDCNDc CpNp.

xH = Xb (rT X rE X TQ) X 10-6+ .'

M - 2.5- ., - M - 2 ' ,,,9-. /,-
XH = , ,w . - " - _X.4 __4

A 2.7 3  A
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377678

P fiA ~ E T

YS P" . .• *.. ........ ..... .. .. . .... ... . ....-......

NE = NR + NC + NL + NT/Z
- F + (. - + /a + - =

X'C =.o -

AS =

A SXC ...... .... ....... . •9

X..PF¶IPF = ............... . ..................... ,

ý4RTXRT = • ................................ 0

7INZXZ = .... 73C

INQ)Q = ......... o.......... 0 'j•

CNCRXCR = -..............

ZNccXcc = .................

TXDCNDC = FNzXz + CRXCR + ýYNccXcc.....
-NpRXPR .......... . . . . = f

I NPCXPC ...... ............... o

YXCpNCp = Y'PRXPT + NpcPC ...........

Xb =YSp + ASXC + XPFrTPF + 4RTx XRT + XXDCNDC + YCpNCp...

H= Xb (nT x TE x rQ) x i0-6

i M .5 3clIM-2

XH = ,. W - 2o 5 --- 7-,X.4
-2 05-, -
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377 79

SP =N .. . ............ 0.. *.... ................ 0.2N + N• + N P T S • = 5 'o o -

NE = NR + NC + NL + NT/2
- 1 + 2I+i + = s

XC = . /o,-

AS = ..-lo

ASXC = ... .......... ...................

XPFTPF ............ ............. . . _ __

JNRTXRT =....................................

INzXZ .. ................... 0

I.NQXQ = .. ..................

&CRXCR = ........................ 0

NCCXc),CC = ................. .i2 --

LDCNDC = YNZxZ + CRXCR + INCXCC... 0
1,PRXPR ............... -. . .. o••

YINpcXPC ...................

ýXGCNCp = NPRXPT + Np;p ....................

= LSp + ASXC + XPFrPF + ý,RTX X'RT + LIDCNDC + YXCpNcp•".

XH = Xb (j x E X TTQ) X 10-6

M - 2.5, 1*. s-o :M - 2; o .
p=5- 5 'IV - ( ' :,.- X.4 "-

A 2. , A- 5- 2 7
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HYBRID MICROCIRCUIT FAILUR ' RATE PREDICTION

377686,L

P~F D v~YS P N ... ....... ... ........ 0....... ........ .R + N L + N / ,.o ),

NE NR + NC + NL + NT/%
- 7 + 2 ( ~ 7~.

As

A X CF I = • . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .... . . 0 o

•.RTXRT = . ..... ............ 0

.NzXz = .... ....... 0

I.NQXQ = ........... . ......... .

CNcRXCR = .......
YNccXcc = .......... . . . o)

Z\DCNDC= YNZXZ -1 YCRXCR + Ncc~cc ..... . oo0

YNPRXPR o.. o ................

YNPCXPC .............. -7

xCPNCp= •-NpR\PT + NpcxpC....... ......... . o 7

Xb = ISP + ASXC + XPFTTPF + INRTX XRT + x DCNDC + YcpNcp ..

XH = X-b (r7T X IYE x ITQ) x 10-6

7 2
______V : : K' M- 2 .

lH = A,2 . : ' •""A - : ' X .4: ' .,2 7
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

377687
~I I V A L •

FS ** .................... ............... ......* I ..

A NE = NR + NC + NL + NT/Z
i ~ ~~= •' + /2 + I,~ + 1: = '

AS =

ASXC= ..................... ...... ...... ...

XPFTfPF = ................... .. .. . . . . . . ..... . 0 0

"INQXQ = ...... . ....... ....... /

CRXCR .... .... .... ....

ICCXCC ............. *...

TXC~,,= ZZ+YCRXCR + __________to

YLNPRXPR ......... . __

PCX__ pc C. ........

IXCPNCp =+ NpCxpC................____-

Xb I= + ASXC + XPFTTPF +1 INRT X XRT + ~IXDCNDC + YXCpNCp..

XH X'b ('nT X rEX TTQ) X 10 6

M -2.5) 2 *''

H 7o
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

P77L C/?LC

FS~ P . ... .. .... #.*....... 9 ...... ..... * **.0

NE NR + NC + NL + NT/!

- 19 *' + + j2~ +.o. %

Xc -- o o

AS = . •,. '

AS = ....... ...... ..... . ... .......... .o
XpF•rPF ... .. .. ... .. .. ... .. .. ..

JNRTXRT = ........... ...................... o 0 a

2Nzxz = ... ............. o

L.NCRXCR = .................

_NCCXCC ................ . (
IYDC"DC T NZ)Z + YCR XCR INCCC

2 PRXPR .................... 0

IiqPCXPC ................... . 0 0 -Z'

~I X C P N C p +_ _ _ _ _ __.. . . . . . . . . .

LPR\PT Np p......"._______

Xb 'ISp + ASXC + XPFrTPF + 'NRTX )RT ± LXDCNDC + YXCpNCp... .

XH Xb (7T X IE X nTQ) x i0- 6

M. ,.2 . c .- , •- X.4 "-_ c- .4

Z . •, 5.t rV 2 i
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION

;H..., M H IF fK-A

..p .. .. **4..........e*.. 0 0.2 0 0

NE =NR + NC + NL + NT/Z
S 0-+ 11 + -7 + U' __

Ac''Xc ..... ..,,o .- .....

XPF"PF .......... ............ ............. .5
,4pFT PFT . ................................. , ..

*Zxz = ............. ... c-

LNQXQ = ................... .0

'NCRXCR
INccXcR = .. *... ........ . .

YNCCXCC = . *4444 s,

DC = YNZXZ + + CC ...... / . ,

-NPRXPR ........... .......

YNPO-PC

IxCpNCp + NpCxpC............... .

Xb= ISP+ AS XC+ XPFTPF + 'RTx XRT + Lt DCNDC + YXCpN(cp. .

XH lb (nT X rE X TQ) x

M - 2.5) C.2 M - 2;

x - 2.5 V - TV :,.X.4 " '"
- W2. 7. A- 5
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HIYBRID MICROCIRCUIT FAILURE RATE PREDICTION

7s P .. .................. .............. 5

NE =NR + NC + NL + NT/Z
+ a~ + I + Cý + .2_

AS

......................................................... ................ a........ .. -

JRTXRT = ............ ......................

7INZXz = . .. ..............

ýINQxQ = *.. .. .. . ...........

INCRXCR =............a........._

TNCCXCC ...............

X\DCNDC YZ + SCRXCR, + ________.....

14PRX~PR .............. .

C, ex P .............. . ...... ___

ýIxCpNCp = YiRP + NpC\pC... .a.............................

'ZSp + ASXC + XPFITT)F + INRTX XRT + "LXDCN Dr, L CPN-.

X " (b --TT X TIE X ITQ) X 10-

M -2.
5 k . - M -2

W - 2.5 - ____________

H - A- 12.7. . , A -D
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APPENDIX V

RADC AND IMIL-HDBK-217B COMPUTATIONS
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MIXER FAILURE RATE -MD6 (x 10-6)

217A (7.4.11, 7.7.9)

8 SI Diodes TN =457 (Mrs, V) , .486 (A).

2 Transformers

MP (8) (.371) (1.5) + (.2) (1.5) (2) = 5.06

V (8) (.371) (3.5) + (.2) (10) (2) = 14.38

A (8) (.395) (3.5) + (.2) (10) (2) = 15.05

CR~YSTAL FILTER FAILURE RATE (x 106)
217A (7.12-3, 7.7.9)

376252 , 376251, 376652
4 Crystals

2 Transformers

MP (4) (.02) + (2) (.2) (1.5) = .68
V (4) (.~02) + (2) (.2) (10) = 4.08

A (4) (.02) + (2) (.2) (10) = 4.08
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Form 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT TCXO- 376153

1 AS (Area of Circuit in Square Mils)

2 Number of La.yers of Metalization

3 N (Number of Package Leads)

4 2 b (Base Failure Rate)

5 2 C (Complexity Factor)

6 vQ (Quality Factor)

7 E (Environmental Factor)

I 1.02311 11 1/2500 = AS - 2500
1 2

0, As 2500

PC 2 +1 -141 .041 , N > 14
3

= 2, N I4

(M) )f(M) I ((M)
AC IMv) ,O0Q Ml ~ ~ V + =(V)~c4
M~x ((A),•', 1:<' 3 " 6 I(A) 7" (EM) (A) •g'&

4 •P17
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Foarm 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT Divide By 20 - 376152

I AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 'b (Base 1a.u'ure Rate)

5 2 C (Complexity Factor)

6 AQ (Quality Factor)

7 'xE (Environmental Factor)

IM 1.02311 it 1/2500 , AS -A 2500
1 2

0, As<•2 5 0 0

PC 2 +1 - 14H .041 N > 14

- 2, N 14

N (() z, (() Y

"X (A)5 6 (A) (ZN) (A),',z.,
4 7
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Form 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT 377656

I AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 %b (Base Failure Rat")

5 2C (Complexity Factur)

6 uQ (Quality Factor)

7 wE (Environmental Factor)

- 1.023fl fl }/2500 AS -4 2500
1 2

0, As <2500

PC 2 +1 - 141H .041 N > 14

2, N 414

(M) ,KS )Q) 2(M) .4o#
MC(V) .,o8 7 2 fl 2 t(v) o (v) .

^M~x (A) , 5 6 (A) S (5M) (A) l )
4 PC 7
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Form 2625

iNTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT 377657

1 AS (Area of Circuit in Square Mils)

2 Nuinber of Layers of Metalization

3 N (Number of Package Leads)
4 %b (Base Failure Rate)

5 wC (Complexity Factor)

6 *Q (Quality Factor)

7 ' E (Environmental Factor)

2M = .023fl fl 1/2500 = , AS -A 2500

1 2

0, A <2500

rPc 2 +1 -1411.-04 = , N>14
3"-

2, N 14

(M) .oo& (M) 2 (M) .2So'1
AM) .o. JI (v) 7 + 2 2 (v)3.Ma .4

AMCX (A) 5 6 (A) 5" (ZM) (A) 4. )
4 PC 7
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Form 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT 377658

I AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 79b (Base Failure Rate)

5 2C (Complexity Factor)

6 2 Q (Quality Factor)

7 wE (Environmental Factor)

1.02311 it /2500 9 AS -A 2500
1 2

= 0, As <2500

= 2 +4 -1411.041 N > N 14

= 2, N .14

MCX J(M 10_ 7 +.H~ 1 v (V) 2-,'
() so5 PC 6 I(A) 6- (ZN) (A)

4 ~ C7

-218-
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Form 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT 377659

1 AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 2 b (Base Failure Rate)

5 'C (Complexity Factor)

6 &Q (Quality Factor)

7 2 E (Environmental Factor)

2M = 1.02311 H{ 1/2500 = , AS 4 2500
1 2

- 0, As< 2500

PC 2 + 3 1411 .041 = , a >14

2, N j414

((N)(V Z' M)4 L2( ') ,o } 2 } (v) 2 1=,

MX (v) 2-eo Z JIM 0 I
Mx (A) olo- 5 S P 6 ((A) S- (EM) ((A) 1,31Z

4 7

II

-219-



Formr 26?5

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT MC 14528AL

1 AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

.3 N (Number of Package Leads)

4 %x (Base Failure Rate)
5 C (Complexity Factor)I

6 &Q (Quality Factor)

7 %E (Environmental Factor)

2;A .02311 11 J/2500 = AS -A 2500
1 2

- 0, As< 2500

= 2 +1 1 1 411 .041 =2-.or' N > 14

- 2, N 14

M Z.08 MŽ + M,MC X Ar 45 P 6 4A) (IM)

-220-
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Form 2625

INTEGRATED MTCROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT CA3020

I AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalizatior,

3 N (Number of Pack3ge Lcads)

4 %b (Base Failure Rate)

5 wC (Complexity Factor)

S=zQ (Quality Factor)

7 z E (Environmental Factor)

ZM 1 {.02311 11 1/2500 = , AS 4 2500

1 2

= 0, As <2500

PC 2 +1 - 1411 .041 N > 14

- 2, N L14

I(M) I(M) I(M
"A (V) j 4 }t /, • { (v) M MMCx (A).ovo-) 5 6 (A) I(M) (A), -&

4 •'c7

P,

-221-



Forn 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT MC159OG

1 AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 %x (Base Failure Rate)
5 vC (Complexity Factor)

6 Q~ (Quality Factor)

7 " (Fnvironmental Factor)

rE

A 1.02311 H 1/2500= AS -A 2500

0, A <2500

~P r 2 +i 1411.041 N > 14

= 2, N 14

t(M) (M) (M)

MC M() 2 11 6 (v) + (V)
X7(A)(A

4 PC 7

-222-
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INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT >4/ "-2 "2 A, A U -4 'o

I AS (Area of Circuit in Square Mils)

2 Number of Layers of M-' '.1ization

3 N (Number of Pack'Age Leads)

4 %b (Base Failure Rate)

5 %C (Complexity Factor)

6 xQ (Quality Factor)

%E (Environmental Factor)

,, 1.02311 1 1/2500 , AS -A 2500

0, AsK< 2500

= 2 +1 - 1411 .041 14, N >14;' PC
:: 3

2, N 14

'\MC = (• -~ {I 1} (v') , + =(v)w MCx
(5 (A) (EM) (A)S•PC 7(A

-223-
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Form 26b"$

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

"MICROCIRCUIT 14 - q

I AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 Wxb (Base Failure Rate)

5 %C (Complexity Factor)

6 zQ (Quality Factor)

7 2 E (Environmental Factor)

1.023fl fl 1/2500 AS -A 2500
1 2

- 0, A < 2500

PC 2 +1 - 14H1 .04 - N > 14
3

- 2, N 14

e , t < t (r) ,+
MC4 5 P 6 (TO (M) (A)4 •'c7

-224-
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Form 2b2'

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT CA3078

I AS (Area of Circuit in Square i,'i.ls)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 7b (Base Failure Rate)

5 xC (Complexity Factor)

6 2 Q (Quality Factor)

7 :E (Environmental Factor)

2: = 1.02311 11 1/2500 ,AS 4 2500
1 2

0, As< 2500

PC 2 +1 - 1411 .041 , N > 14
:3

= 2, N ý 14

"= v-) PC I I t 1t Z } - I ( V + = (.) .
""C xA) 5 PC 6 ((A) 7(Z ) (1 W

4 7

- 225 -



Form 26?'

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT CA3026 And 3018

1 AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 b (Base Failure Rate)

5 wC (Complexity Factor)

6 -Q (Quality Factor)

7 IL' E (Environmental Factor)

= .0231- 1/2500 = , AS A 2500
1 2

0, AS < 2500

PC 2 +1 - 141 .04 , N > 14
3

2, N 14

W.}) (M)
+ (v) -

Mc e ( ') 5 6 (I) (M) I(A)
4 7c 6

'.2

:• , -226- '
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'-i- Form 26$1

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT A A 7 ___

1 AS (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 b (Base Failure Rate)

5 wC (Complexity Factor)

6 zQ (Quality Factor)

7 E (Environmental. Factor)

ftN

"1 = 1.02311 Hl /2500 A -A 2500
1 2

= 0, AS < 2500

= 2 +1 29 -l14H .04 , N > 14
PC 3'

2, N 1N 4

+
MCx"". • .5 'Pc 6 *(ZM) 27

-4 C7

a•: ~-227,-


